The aim of this study was to investigate methods of practice, assess skill level, and evaluate attitudes towards fibreoptic intubation in the anaesthetic community of New Zealand. A postal survey questionnaire was sent to all vocationally registered anaesthetists in New Zealand and to all New Zealand anaesthetic trainees registered with the Australian and New Zealand College of Anaesthetists. There were 611 survey questionnaires posted and 386 (63%) respondents. Almost all respondents (98% of specialists, 100% of trainees) had access to fibreoptic equipment in public and 92% of respondents performed fibreoptic intubation. The median number of fibreoptic intubations performed per year was 3 for consultants and 4 for trainees. Respondents were either self taught or colleague taught (82%). Most learnt the technique on patients (92%). There were 14% who considered themselves experienced, 30% competent, 34% adequate and 20% novice. Skills were maintained by clinical patient mix in 73%. Fibreoptic intubation was considered a skill required by all anaesthetists in 87%, and 66% considered it the gold standard for expected difficult airways. Lack of clinical cases requiring the skill and lack of practice were identified as the primary barriers to skill development. Consultants had greater opportunity to learn fibreoptic intubation skills during daily practice than trainees. Only 18% of trainees had a formal airway management program available to them at their place of work. There appears to be a need to increase available opportunities to perform fibreoptic intubation to enable maintenance and improvement of fibreoptic skills in our community. A formalized program of teaching fibreoptic intubation may offer greater opportunity for learning and skill development.
Fibreoptic intubation (FOI) has been suggested as the technique of choice for intubation of a difficult airway since 1983 1, 2 and is now regarded as the gold standard technique for intubation of patients with anticipated difficult airway 3 . Anaesthetic trainees are taught the management of a difficult airway as part of routine early training and familiarity with the fibreoptic laryngoscope is part of this training 4, 5 .
The incidence of difficult intubation varies from 1 to 18% 3,6-9 . This differs from the incidence of failed intubation, which ranges from 0.05 to 0.35%; with obstetric patients traditionally occupying the higher range 6 . Less common is the inability to ventilate a patient (0.01 to 3 per 10,000 patients 6, 7 ). However, intubation difficulties and airway maintenance problems account for almost 30% of deaths occurring during anaesthesia in uSA 3 . Adverse outcomes associated with respiratory events accounted for 37% of cases attributable solely to anaesthesia in the American Society of Anesthesiologists' Closed Claims Analysis 10 . A ten-year audit of anaesthetic mishaps leading to death or serious neurological damage by the u.K. Medical Protection Society found 14.8% were caused primarily by problems with intubation 2 . A similar audit of Medical Defence union data over a 13-year period found 31% of deaths or cerebral damage were associated with tracheal intubation errors 2 .
The number of FOIs required to master this technique has been investigated [11] [12] [13] [14] [15] . Johnson and Roberts found that after 10 FOIs the target of greater than 90% success rate and intubation time of less than two minutes was achieved by their four novice trainees 12 . Smith and colleagues report a learning curve half-life of nine endoscopies for their 12 par-ticipants; intubation time was consistently less than 60 seconds after two half-lives (18 fibreoptic intubations) 14 . Failure was uncommon after the first 20 intubations 11 . It is suggested that 30 successful FOIs in conscious and anaesthetized patients are essential before a practitioner is ready to tackle a difficult intubation 16 . Others have suggested that while the amount of experience required for safe and effective use of the fibrescope in compromised airways is unknown, 100 or more FOIs may be necessary before competence may be assumed 17 . Smith and colleagues suggested that after 45 FOIs (5 half-lives) the trainee draws close to their "expert" intubation time asymptote 14 . A Swiss audit analysed 1612 FOIs performed over a two-year period by 18 anaesthetists: they reported a failure rate of only 1.5%, with more than 90% of FOIs performed within three minutes in two or fewer attempts 18 .
This survey was undertaken to investigate the current practice, experience level, attitudes and learning opportunities for FOI among anaesthetists in New Zealand.
METHODS
The target population of all doctors working in the field of anaesthesia in New Zealand was separated into two groups. Consultant anaesthetists were identified through the Medical Council of New Zealand (MCNZ) Vocational Register. Anaesthetic trainees were identified through the Australian and New Zealand College of Anaesthetists (ANZCA).
The survey consisted an anonymous questionnaire (Appendix 1) and a return reply-paid envelope addressed to the principal author (AJD). The questionnaire was predominantly a tick-box design with space for individual comments within the questionnaire and general comments at the end. A total of 611 surveys were posted out. No return date was specified but 10 weeks was allowed for return of questionnaires. Questionnaires were identical and not identifiable; hence non-responders could not be followed up. Results are reported as absolute count and percentage (95% CI) unless otherwise stated. Differences in categorical variables were compared using the Chi-square test. Differences in continuous variables were assessed using the Mann-Whitney u-test for two groups, and Kruskal-Wallis test for three or more groups. All analysis was performed using SAS statistical software and a P value less than 0.05 was considered statistically significant.
RESuLTS
There were 386 (63%) questionnaires returned. Consultants had a higher response rate (69%) than anaesthetic trainees (49%). The demographic breakdown of responders is illustrated in Table 1 .
All anaesthetic trainees who responded to the survey had access to fibreoptic equipment and 98% of consultants working in the public sector had access, while 79% of those working in private had access ( Table 2 ). Fibreoptic equipment is generally freely available to anaesthetists in their place of work. Both consultants (85%) and trainees (72%) agreed equipment was available "to all at anytime" in the public sector compared to 74% in the private sector ( Table 2) .
The vast majority (92%) of consultant anaesthetists performed fibreoptic intubation, though 30% did so rarely. There were 88% of anaesthetic trainees who performed fibreoptic intubation, but a larger proportion (42%) did so rarely. Most consultants performed FOI alone (71%), while trainees are generally supervised by someone more senior (71%). The majority of fibreoptic skills were either selftaught (36%) or colleague-taught (67%). Airway courses and workshops were used by consultants (49% and 31% respectively) more than trainees (35% and 16% respectively). Anaesthetists practised their skills on patients (92%), while manikins (43%) and models (35%) were used to a much smaller extent. There was a dependence on clinical case-mix (73%) to provide opportunity to maintain our FOI skills. Attendance at workshops and courses (26%), or practice on manikins and models (18%) were used by only a minority of the anaesthetic community for skill maintenance ( Table 3 ). The median number of FOIs performed per year was 3 (95% CI 1, 6) for consultants and 4 (95% CI 2, 6) for registrars. The median for all FOIs ever performed was 20 (95%CI 8, 50) for consultants and 8 (95% CI 5, 11) for trainees. Perceived skill level is shown in Figure 1 . The majority (81%) of anaesthetic trainees stated they had no formal airway management training program at their place of work. Only 47% of trainees had attended airway courses involving FOI teaching. Two-thirds of consultant anaesthetists had actively pursued formal fibreoptic training through course attendance. A formal airway course had been undertaken by 29% of consultants and 18% of trainees.
Attitudes toward FOI are shown in Table 4 . Neither consultants nor registrars felt there was adequate opportunity to learn the skill and both groups were strongly opposed to a credentialing process. Barriers to the attainment and maintenance of fibreoptic intubation skills are summarized in Figure 2 . A lack of patients needing FOI was perceived to be the greatest barrier while apathy or disinterest also featured strongly.
DISCuSSION
We conducted a survey among anaesthetists and anaesthetic trainees to obtain a "snapshot" of attitudes and practice in relation to FOI in New Zealand. All New Zealand public hospitals had FOI equipment available. This compares favourably with other developed countries that report availability rates of 65 to 100% 10, [19] [20] [21] . A lack of FOI equipment availability in smaller u.K. hospitals has been cited as a reason for the slow development of fibreoptic skills in the anaesthetic community 5 . This was not a factor in New Zealand. We reported a median of two fibrescopes per public department with over 90% of them being of excellent or adequate quality and over 80% of been suggested 11, 14, 17, 22 . Self-assessment of skill level and the associated number of FOIs were consistent with other reports. A median of 100 fibreoptic intubations was considered by others as an index of competency 17 . Adequacy was gained after 20 FOIs 11, 14 . Although neither the rate of skill decay nor the number of FOIs required to maintain competency is known, it seems unlikely that the number of FOIs being performed in New Zealand is sufficient to achieve or maintain a high standard of skill across the anaesthetic community.
Training in airway management has been recently reviewed elsewhere 10, 23 . Techniques including the use of anatomic and non-anatomic bench models and manikins, sophisticated simulators, animal models and human patients have been described 10, [24] [25] [26] [27] [28] [29] [30] . Model training has been shown to be superior to didactic training 31 . Dykes and colleagues showed that 35% of attendees at a practical workshop using airway models for the dissemination of fibreoptic endoscopy skills were able to introduce fibreoptic intubation into their clinical practice or improve their success rate 28 . 
P<0.001
Ovassapian and colleagues were able to demonstrate that trainees randomly assigned to a graduated training program 29 involving practice on bronchoscopy teaching models and patients recovering from anaesthesia were more successful at the performance of fibreoptic nasotracheal intubation than those who received a traditional didactic demonstration of fibreoptic intubation in theatre only 30 . Endoscopic performance on models has been shown to correlate with clinical performance 32 . The ability to measure endoscopic performance provides a means of assessing training, clinical performance and skill maintenance 31, 32 . Our survey suggests that New Zealand anaesthetists rely heavily on the clinical environment to learn and maintain fibreoptic skills. Manikins (43%) and models (35%) were used to a much lesser extent for initial learning and even less so for skill maintenance (18%). Concerns have been expressed about performing FOI in patients lacking specific indications. Potential harm to the patient is often cited as a reason to avoid practice in the patient. Fibreoptic intubation was associated with greater cardiovascular changes than intubation using a Macintosh laryngoscope, raising ethical concerns over providing training in this method 10. However, the safety of FOI, whether performed by trainees or consultants, has been reaffirmed 23, 33, 34 . A high level of acceptance for awake FOI is reported amongst patients with no indication for FOI, other than teaching 23, 35, 36 . Learning and training are becoming accepted as indications to intubate with the aid of a flexible fibrescope 23, 37 .
Our survey showed that New Zealand anaesthetists are divided concerning the need for patient consent when performing fibreoptic intubation for training purposes. Allen and colleagues 38 have suggested that the degree of risk to which the patient is exposed should define whether consent is required. They considered simple substitutions of laryngoscope blades or the use of devices such as the laryngeal mask or light wands was appropriate without patient consent and that FOI in the anaesthetised patient presented minimal risk, may have resulted in fewer complications than direct laryngoscopy, and did not require consent 38 . The Association of Anaesthetists of Great Britain and Ireland has recommended at least verbal consent for anaesthesia, but not for each individual anaesthetic procedure as long as it is routinely performed 10 . Bray and yentis reported that patients considered that specific consent was required for all non-routine techniques, including fibreoptic intubation, that were to be performed if the main reason for performing them was for teaching or maintaining skills 39 . Establishing FOI as a routine procedure in anaesthesia has been found to facilitate both the need for training opportunities and consent issues.
Registrars seemed more convinced of the importance of FOI though this may have reflected selective use of the technique by consultants. united States and British reports have suggested that FOI is the most important procedural skill that should be mastered by anaesthetic residents during their training 5, 13, 17, 23, [40] [41] [42] . Others have suggested that fibreoptic FibreoptiC intubAtion skills competence should be required for anaesthesia accreditation 8, 43 . In contrast, New Zealand anaesthetists have indicated in this survey that they do not view accreditation or certification to practise fibreoptic intubation as a necessary requirement.
The New Zealand anaesthetic community is small and we attempted to survey the entire anaesthetic population. We can only assume representative sampling 44 . However, the survey response rate was only 63%. Studies suggest face-to-face surveys rarely achieve response rates higher than 70%. Authors of a similar Canadian survey accepted a 49% response rate for their single mail-out 19 . We conclude that the majority of New Zealand anaesthetists currently perform FOI and support its role in the management of difficult airways, but the frequency of performance may not be consistent with skill development and maintenance. A structured system for teaching, developing and maintaining fibreoptic skills is needed in New Zealand, because true clinical opportunities appear to be limited.
